Introduction
============

People with Parkinson's disease (PD) have an inadequate interaction among vestibular, visual and proprioceptive systems that are responsible for motor control [@R03-2017-0036-0013] [@R03-2017-0036-0030] . Movement disorders are associated with impaired postural control in PD. Furthermore, the loss of dopaminergic neurons can provoke characteristic symptoms such as rigidity, bradykinesia and resting tremor [@R03-2017-0036-0004] . These symptoms associated with the loss of postural control are detrimental to static and functional balance [@R03-2017-0036-0001] [@R03-2017-0036-0005] [@R03-2017-0036-0007] .

Postural control is commonly evaluated by means of body stabilometry using the center of pressure (COP), average velocity (AV) and root mean square (RMS) as variables. Lower AV and higher RMS values in subjects with PD compared to healthy subjects can indicate an inability to control posture and as a result, the risk of falls can increase [@R03-2017-0036-0005] [@R03-2017-0036-0007] . Moreover, balance can be evaluated clinically with the Berg Balance Scale (BBS). The final BBS score is clinically relevant; the higher the score, the better functional balance is. Therefore, strategies to improve the balance such as therapeutic interventions or physical exercise are important to persons with PD [@R03-2017-0036-0011] [@R03-2017-0036-0029] . It has been well established that aerobic training is useful to patients with PD due to its neuroprotective effect [@R03-2017-0036-0002] [@R03-2017-0036-0022] [@R03-2017-0036-0024] . Alberts et al. [@R03-2017-0036-0002] showed that after an aerobic training program, the amount of dopamine was similar to the period "on" medication for PD. This can be explained by the increase in the brain-derived neurotrophic factor (BDNF), which is responsible for promoting neuroplasticity.

Neuroplasticity can also be stimulated by motor practices that challenge the learning of a new technique. Nordic walking (NW, walking with poles) is a new training model that stimulates those with PD to leave automatism and generate new motor learning. Unlike free walking (FW, walking without poles), the use of poles provides more security and stability during gait due to the ground support. Furthermore, the use of the hands to grip the poles stimulates the mechanoreceptors, providing better integration between the systems of postural control.

Although the literature reports that NW promotes benefits such as an increase in functional mobility in patients with PD when compared with FW [@R03-2017-0036-0008] [@R03-2017-0036-0018] [@R03-2017-0036-0027] [@R03-2017-0036-0029] , there is a gap relative to the effects of NW training on static and functional balance. To our knowledge, there are no comparative studies between walking with and without poles that evaluated COP and BBS in PD individuals. Therefore, the aim of the present study was to evaluate the effects of 9 weeks of NW and FW training on COP parameters and BBS. We hypothesized that the use of poles would promote improvements in the COP parameters and BBS when compared with walking without poles (i. e., free walking, FW) [@R03-2017-0036-0018] .

Materials and Methods
=====================

Study design
------------

This study is a randomized clinical trial, in which participants, after signing the informed consent form, were randomly divided into two groups: NW and FW ( [Fig. 1](#FI03-2017-0036-0001){ref-type="fig"} ). The tool available at <http://www.randomization.org> was used for randomization.
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This research was conducted at the Exercise Research Laboratory (LAPEX) in the Universidade Federal do Rio Grande do Sul (UFRGS), with approval of the Ethics and Research Committee (CEP) of the Porto Alegre Clinical Hospital (HCPA) with register number (555 123). This study used a single blinded evaluator. We conducted our research according to the ethical standards of the International Journal of Sports Medicine [@R03-2017-0036-0014] .

Subjects
--------

The patients were recruited randomly and on a voluntary basis from the Neurology Service of the HCPA and Parkinson's Association of Rio Grande do Sul, in Porto Alegre, RS, Brazil. The diagnosis of Parkinson\'s disease in the individuals participating in the study was rendered by neurologists using the criteria of the London Brain Bank (CBCL). After initial contact by telephone (from May 2013 to May 2014), the patients were invited to participate in the study and scheduled for evaluation. The eligibility of the subjects included: 1) a diagnosis of idiopathic Parkinson's disease; 2) regular medical treatment with drugs for PD; 3) aged over 50 years; 4) between stages 1--4 on the Hoehn and Yahr scale; 5) cognitive ability to follow the instructions of the study (MoCA≥26 score) [@R03-2017-0036-0026] ; 5) independent gait capacity; 6) no deep brain stimulation; 7) no associated ischemic or hemorrhagic stroke or other neurological disease; and 8) no training program or regular exercise within the last six months before the study.

The sample consisted of 33 volunteers aged over 50 years, 20 men and 13 women, with a clinical diagnosis of idiopathic PD and between stages 1--4 on the Hoehn and Yahr Scale. The subjects met all eligibility criteria, which included regular medical treatment with drugs for PD, the ability to comprehend the verbal instructions to do all trials and follow the training program, and no regular exercise in the last six months before the study.

Randomization procedures
------------------------

Each subject received a code based on interview order. After anamnesis, the codes were transferred to a researcher not involved in any assessment stage or treatment session who was responsible for blind and random allocation of the volunteers (online by randomization.org) into two groups, NW and FW. After the randomization process, the researcher shared the assignment results only with the coordinating researcher. Volunteers were not permitted to switch intervention groups once assigned. Experimental procedures started thereafter.

Training program
----------------

A three-week control period was established for familiarizing the subjects with NW and FW. Both groups followed the training program for six weeks.

The training session was divided into three stages: a) stretching, joint mobility, and warm-up; b) main part (NW or FW); c) return to calm and stretching. Both the initial and final stretching sessions lasted five minutes and were standardized for both groups. The NW and FW subjects trained over nine weeks consisting of a periodized macrocycle divided into four mesocycles of three microcycles each. After three consecutive progressions, each group performed a regenerative section [@R03-2017-0036-0018] . For more details on the nine-week training progression, see Monteiro et al. [@R03-2017-0036-0018] .

The participants were prescribed individualized training based on the maximal distance test (adapted by mile test). To evaluate the maximal distance, each subject was instructed to walk a total distance of 1600 meters. Subjects who could not complete the maximal distance due to fatigue could request the test be ended. The tests were individually timed and recorded along the distances covered. The individual distance of each patient was used to calculate the total training volume. A heart rate monitor, Model FT4 (Polar Electro Oy, Kempele, Finland), attached to the xiphoid process was used to control the progression of intensity for the training cycles, which ranged from 60 to 80% of maximal heart rate. To estimate maximal heart rate, we used the Tanaka equation (maximal heart rate=208 -- 0.7 x age) [@R03-2017-0036-0026] . Additionally, we used the Borg RPE scale only to control training intensity, which ranged between 13 and 17. All participants were well familiarized with the Borg scale.

Data collection and analysis
----------------------------

### COP parameters

Outcome assessments were performed at two different times (T1 -- pre-training and, T2 -- post-training). Tests were performed on three different days separated by about 48--72 h, and all evaluators were blinded. First, a physiotherapist evaluated motor symptoms (Unified Parkinson's Disease Rating Scale -- Part III), level of disease (Hoehn & Yahr Scale) and functional balance (Berg Balance Scale). We performed anthropometric measurements on the second visit, followed by familiarization on a 60×40 cm force platform (BP400600-1000, AMTI, Watertown, Massachusetts, USA). On the third visit, the individuals performed stabilometric tests using the force platform. The parameters from COP used in the present study were the average velocity (AV), root mean square (RMS) and average displacement amplitude (ADA). The RMS and ADA were calculated for the anteroposterior and mediolateral axes [@R03-2017-0036-0025] . In all evaluations, the subjects were in the "on" period of medication, taken up to 3 h before. Participants were instructed to notify the researcher of any change in medication during the training period.

Each test lasted 30 s, and was performed three times in two conditions: eyes open and eyes closed. The subjects stood barefoot, with arms at their sides and feet together with heels aligned. In the condition with eyes open, the subjects were instructed to look at a central fixation point. During the interval between tests (1 min), subjects were seated. The order of conditions was randomized.

Data analysis
-------------

The COP signal was acquired at *A* = *πr* ^2^ , frequency of 1000 Hz by the Nexus software (Vicon, Los Angeles, CA, USA). This program calculated the signals of COP x (anteroposterior) and COP y (mediolateral) according to the standard formulas:
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where *COPx* represents anteroposterior displacement, *My* represents the moment or torque in the anteroposterior axis, and *Fz* represents the vertical force.
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where *COPy* represents mediolateral displacement, *Mx* represents the moment or torque in the mediolateral axis, and *Fz* represents the vertical force.

Furthermore, we applied a fourth-order low-pass Butterworth filter of 10 Hz. The AV, RMS, ADA were determined by algorithms constructed in the LabVIEW software (v. 8.5, National Instruments, Austin, TX, USA). The initial and final five seconds of the COP signal were cancelled. Therefore, we analyzed 20 s of the anteroposterior and mediolateral COP signal. An independent evaluator performed all analysis procedures.

Functional balance
------------------

Functional balance was evaluated using the BBS validated for Brazil and persons with PD [@R03-2017-0036-0025] . The BBS has been used as the main instrument to evaluate balance in different populations. This scale contains 14 items that involve functional tasks on different bases of support, with five options that receive a score of 0 (unable to perform) to 4 (normal performance), according to participant performance. The total score range is 0 to 56 and higher scores represent better balance. Scores of 0 to 20 indicate that individuals are restricted to a wheelchair, 21 to 40 points indicate that individuals need assistance during gait, and 41 to 56 points indicate independence. Some studies showed strong internal consistency and inter- and intra-rater reliability in neurological diseases, such as stroke and PD [@R03-2017-0036-0025] . The BBS validated for individuals with PD is a sensitive instrument that detects balance changes in this specific population [@R03-2017-0036-0025] .

Statistical procedures
----------------------

Data are presented in descriptive measurements, using means and a 95% confidence interval for continuous measures. The description of the sample data at baseline was compared using a Student's t-test. Outcomes were analyzed via generalized estimating equations (GEE); testing the main effects of group (NW *vs.* FW), time (T1 *vs.* T2), and condition (eyes open *vs.* eyes closed); as well as respective interaction effects. The post hoc comparisons were done using the Bonferroni correction. Furthermore, the effect size (Cohen\'s d) was calculated from the difference in post-training values between the NW and FW groups, and classified as small (between 0.2 and 0.5), moderate (between 0.5 and 0.8), or large (0.8 or more) [@R03-2017-0036-0006] . Data were analyzed using the Statistical Package for Social Sciences (SPSS) software, v.20.0, and the *p* -value adopted was set at 0.05.

We calculated the sample size in the present study based on data from Kara et al. [@R03-2017-0036-0016] . That study determined the average AV of the COPs. Furthermore, the selected study shows methodological similarities with our present study. The software used in our study was GPOWER version 3.1 (Power as 1-beta error probability: 95%; effect size: 0.61; error assumed as alpha: 0.05). After calculation, 12 subjects were indicated for allocation equally into each group, 6 subjects in the NW group and 6 in the FW group. We decided to add more subjects to each group in case of drop-outs. Therefore, the present study was initiated with 33 patients divided randomly between the NW (n=16) and FW (n=17) groups.

Results
=======

Four participants did not conclude the nine-week intervention period due to surgery, personal problems or reasons not reported (NW=2 and FW=2), representing a 12% drop-out rate. In addition, four participants did not complete the evaluations after the training program. Therefore, 29 participants finished the training sessions and 25 performed all evaluations after the training program ( [Fig. 1](#FI03-2017-0036-0001){ref-type="fig"} ). All participants had a frequency above 90%, demonstrating adherence to training. Sample baseline characteristics are presented in [Table 1](#TB03-2017-0036-0001){ref-type="table"} .

###### 

**Table 1** Characterization of participants with mean values (95% confidence interval) for NW and FW groups.

  Variable             NW=14                    FW=11                    *p-* value
  -------------------- ------------------------ ------------------------ ------------
  **Height (m)**       1.68 (1.64 to 1.72)      1.59 (1.55 to 1.63)      0.003
  **Body mass (kg)**   81.71 (73.28 to 90.14)   64.75 (57.13 to 72.37)   0.004
  **Age (years)**      64.43 (58.57 to 70.28)   71.09 (66.88 to 75.30)   0.069
  **UPDRS III**        15.78 (7.62 to 23.94)    23.18 (11.03 to 35.33)   0.262
  **Hoehn & Yahr**     1.60 (1.22 to 1.98)      2.04 (1.30 to 2.78)      0.229

NW=Nordic walking; FW=free walking; UPDRS=Unified Parkinson's Disease Rating Scale.

The BBS score did not show any difference between the groups ( *p* =0.15) for all times evaluated. However, both groups showed improvements from T1 to T2 ( *p* =0.04) without significant interaction ( *p* =0.61), in the NW group from 51.50 (95% CI 48.99 to 54.01) to 53.79 (95% CI 52.12 to 55.46) and in the FW group from 47.09 (95% CI 40.17 to 54.02) to 50.91 (95% CI 47.59 to 54.23). Static balance was analyzed through AV, anteroposterior RMS, mediolateral RMS, anteroposterior ADA and mediolateral ADA with eyes open and eyes closed. Both groups showed increases in AV ( [Table 2](#TB03-2017-0036-0002){ref-type="table"} ) for both conditions with eyes open and eyes closed after nine weeks of training ( *p* =\<0.001). Both groups showed significant differences between T1 and T2 ( *p* =0.01). There was a significant interaction between group and time for the AV ( *p* =0.01).

###### 

**Table 2** Mean (95% confidence interval) values from center of pressure parameters.

  Variable          Group                          Eyes closed                    Eyes open                                                     
  ----------------- ------------------------------ ------------------------------ ------------------------------ ------------------------------ ------------------------------
  AV (mm.s ^-1^ )   FW                             27.12 (20.25 to 33.99)         39.48 (27.13 to 51.83)         19.56 (15.18 to 23.93)         35.41 (26.51 to 44.32)
  NW                38.48 (25.47 to 51.49)         48.29 (31.56 to 65.01)         26.64 (16.65 to 32.63)         31.78 (20.67 to 42.90)         
  RMS AP (mm)       FW                             7.15 (5.82 to 8.47) ^a,A^      11.75 (8.56 to 14.93) ^a,B^    6.54 (4.80 to 8.27) ^a,A^      10.47 (7.79 to 13.14) ^a,B^
  NW                8.31 (6.49 to 10.12) ^a,A^     14.94 (11.78 to 18.09) ^a,B^   7.34 (5.32 to 9.34) ^a,A^      13.25 (10.97 to 15.53) ^a,B^   
  RMS ML (mm)       FW                             6.50 (4.34 to 8.65) ^a,A^      10.79 (8.07 to 13.51) ^a,B^    5.52 (4.21 to 6.83) ^a,A^      9.91 (7.19 to 12.62) ^a,B^
  NW                7.47 (6.27 to 8.67) ^a,A^      10.74 (7.58 to 13.89) ^a,B^    6.15 (4.88 to 7.42) ^a,A^      8.35 (6.13 to 10.57) ^a,B^     
  ADA AP (mm)       FW                             38.24 (30.11 to 46.38) ^a,A^   57.93 (41.48 to 74.38) ^a,B^   32.46 (24.61 to 40.31) ^a,A^   56.12 (38.93 to 73.31) ^a,B^
  NW                41.81 (33.75 to 49.86) ^a,A^   73.57 (55.90 to 91.24) ^a,B^   34.55 (26.62 to 42.48) ^a,A^   63.03 (53.31 to 72.75) ^a,B^   
  ADA ML (mm)       FW                             32.53 (24.16 to 40.90) ^a,A^   47.47 (35.20 to 59.75) ^a,B^   25.52 (20.62 to 30.41) ^a,A^   47.46 (36.27 to 58.66) ^a,B^
  NW                37.69 (30.91 to 44.46) ^a,A^   48.65 (30.89 to 66.40) ^a,B^   34.25 (23.35 to 45.15) ^a,A^   41.77 (30.74 to 52.80) ^a,B^   

Note: Non-capitalized letter indicates differences from Bonferroni test (p\<0.05) between groups (FW *vs.* NW). Capitalized letter indicates differences from Bonferroni test (p\<0.05) between times (T1 vs. T2). T1=pre-test; T2=post-test; AV=average velocity; RMS=root mean square; AP=anteroposterior; ML=mediolateral; ADA=average displacement amplitude; FW=free walking; NW=Nordic walking.

Regardless of condition (eyes open or closed), the anteroposterior RMS and mediolateral RMS increased (T1 vs T2: *p* \<0.001 for anteroposterior and mediolateral). The anteroposterior RMS and mediolateral RMS were greater with eyes closed compared with eyes open. As expected, the RMS values were higher in the anteroposterior axis compared with the mediolateral one. These variables showed no interaction for group\*condition, group\*time, time\*condition or group\*time\*condition ( [Table 3](#TB03-2017-0036-0003){ref-type="table"} ).

###### 

**Table 3** Main effects for Group (NW *vs.* FW), Time (T1 *vs.* T2), and Condition (eyes open *vs.* eyes closed), and interaction effects for the parameters from center of pressure.

  Variable          Group   Time      Condition   Group\* Time   Group\* Condition   Time\* Condition   Group\*Time\*Condition
  ----------------- ------- --------- ----------- -------------- ------------------- ------------------ ------------------------
  AV (mm.s ^-1^ )   0.368   0.011     \<0.001     0.527          0.013               0.864              0.204
  AP RMS (mm)       0.155   \<0.001   0.043       0.157          0.733               0.352              0.980
  ML RMS (mm)       0.999   \<0.001   0.002       0.231          0.295               0.582              0.514
  AP ADA (mm)       0.323   \<0.001   0.026       0.292          0.371               0.937              0.409
  ML ADA (mm)       0.690   \<0.001   0.076       0.257          0.737               0.722              0.297

AV=average velocity; RMS=root mean square; AP=anteroposterior; ML=mediolateral; ADA=average displacement amplitude; FW=free walking; NW=Nordic walking; T1=pre-test; T2=post-test.

There was an increase in the anteroposterior ADA and mediolateral ADA values with eyes open and eyes closed from T1 to T2 in both groups ( *p* \<0.001). However, there was no interaction for group\*condition, group\*time, time\*condition or group\*time\*condition for the anteroposterior ADA and mediolateral ADA.

Discussion
==========

The present study evaluated the effects of a 9-week NW and FW training program on static and functional balance in persons with PD. The training program for both groups had individualized intensity (percentage of maximal heart rate) and volume (distance). It also followed a macrocycle model in which both groups had a logical sequence of progression in intensity and volume [@R03-2017-0036-0018] . The main finding of this present study is that both groups improved functional balance and AV of COP, demonstrating that NW is as effective as FW.

There are significant effects after the training period on the outcome of functional balance in the NW and FW groups ( [Table 4](#TB03-2017-0036-0004){ref-type="table"} ). We hypothesized that NW training would promote greater benefits due the higher task complexity due to probable increased neural plasticity. The mechanical stimulus received by the hands and transmitted to the brain may generate a greater excitation of dopaminergic neurons localized in the basal ganglions [@R03-2017-0036-0009] . This stimulus, in turn, could promote more activation in the cortical regions responsible for motor control. Our hypothesis was not confirmed, because both NW and FW groups showed improvements in functional balance. This outcome indicates a substantial clinical effect for PD. Cognitive dysfunctions may have mediated and interfered with learning the NW technique without promoting the expected additional benefits compared with FW training [@R03-2017-0036-0018] [@R03-2017-0036-0024] [@R03-2017-0036-0028] .

###### 

**Table 4** Mean values (95% confidence interval) of functional balance for both groups.

                                      T1                                              T2                         P=value           
  ----- ------- ----------------------------------------------- ----------------------------------------------- --------- -------- ------
  BBS   NW FW    51.50 (48.99 to 54.01) 47.09 (40.17 to 54.02)   53.79 (52.12 to 55.46) 50.91 (47.59 to 54.23)    0.15     0.04\*   0.61

Note: \* indicates statistically significant difference. Initial evaluation, baseline (T1); evaluation after training (T2).

For the COP parameters, there was an increase of AV (with and without the blindfold) after the training program in both groups, which indicates improvements in proprioceptive response in the function of postural sway in static conditions [@R03-2017-0036-0019] . Furthermore, individuals with disturbances of the basal ganglia show the highest values of AV when compared with healthy subjects. This represents the great effectiveness of the proprioceptive mechanism in those with PD, which manifests in a failure in the integration of the vestibular system [@R03-2017-0036-0010] .

We observed major values for the AV to the condition of eyes closed compared with eyes open. The first seconds of activity with the eyes open stimulate the visual and proprioceptive canals more, whereas eyes closed excites the vestibular canal more. However, in response to maintain activities with eyes open and eyes closed, there vestibular and proprioceptive systems respectively contribute [@R03-2017-0036-0004] [@R03-2017-0036-0009] [@R03-2017-0036-0017] [@R03-2017-0036-0019] [@R03-2017-0036-0028] . Nevertheless, PD had impairment in the vestibular system, which explains the higher values for the AV with eyes open versus eyes closed. Aerobic training promotes greater dopamine production in the basal ganglia and consequently expands motor function in the brain stem [@R03-2017-0036-0009] [@R03-2017-0036-0028] .

We observed increased RMS and ADA values after the training program in both groups. This effect can indicate an improvement in the ability to maintain postural control during static upright posture [@R03-2017-0036-0012] [@R03-2017-0036-0030] . In general, aerobic training promotes a greater neural plasticity, increasing the excitation in the motor cortex through dopamine production. Therefore, we expected that both groups would improve their capacity to maintain postural control after the training program [@R03-2017-0036-0002] . However, we suggested that dose-response effect was not sufficient or specific enough to promote additional improvements in the postural control during the static stance [@R03-2017-0036-0015] . Interestingly, functional balance was also ameliorated after a relatively short time, showing that the NW intervention had the same direction of effect on both functional/dynamic and static balance. These outcomes indicate that the additional improvement in functional mobility seen recently using poles in comparison to free walking [@R03-2017-0036-0018] is not accompanied by changes in postural control. We infer that, collectively, the additional benefit from NW practice should be related mainly to a major action from the upper limbs [@R03-2017-0036-0020] [@R03-2017-0036-0021] .

The limitations of present study include the short time of the intervention and the lack of a control group. For further studies, we suggest a longer intervention program of more than 12 weeks with 3 sessions per week, including a placebo or control group, and maintaining a diary of physical activity. Still, we point out that these outcomes were presented based on a very controlled training program using individualized loads (intensity and volume parameters) and following the principles of physical training. Again, the major electromyographic activity [@R03-2017-0036-0020] and mechanical work [@R03-2017-0036-0021] from the arms in NW could have provided an advantage over free walking in individuals with PD. Nevertheless, further studies focusing on specific adaptations on upper limb movement, not just in acute responses, but in a chronic perspective, are necessary to answer the question.

The outcomes of the present study are important for clinical rehabilitation of PD because the improvements in the variables related to functional performance can reduce the risk of falls [@R03-2017-0036-0003] [@R03-2017-0036-0023] . Therefore, these findings are compatible with the concept that NW may increase postural balance in PD. In conclusion, NW and FW promote effective and similar adaptations in balance for PD. We can use both modalities to improve balance in a rehabilitation program for PD.
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